for 4h with various Ba/Ti atomic ratios. The average particle size decreased with increasing Ba/Ti atomic ratio in the starting material. This result indicated that the decrease of particle sizes caused the broaden ing of X-ray diffraction peaks. The morphology of the particles changed from ellipsoids to spheres with increasing Ba/Ti atomic ratio in the starting materi al. The SAED of a particle, as shown in Fig. 3 , indi cates that the particle was a single crystal with a sin gle BaTi03 phase. Moreover, the particle sizes in the dark-field images were in agreement with the parti cle sizes in the bright-field images for all samples pre pared with various Ba/Ti atomic ratios. These results also indicated that a particle was a single crys tal of only barium titanate. Fig. 12 . The dependence of the number of barium titanate nuclei and the particle size on Ba/Ti atomic ratio at a constant temperature. In contrast, the concentration of the lattice hydrox yl group was independent of the particle size. This was supported by the results of TG measurements22) as well as the results of the FT-IR measurements of the hydroxyl group (Fig. 7) . The lattice hydroxyl group OH in the barium titanate fine particles can exist as substitutional ions in the lattice position of oxygen 02-. Therefore the presence of cation vacan cies is required in order to satisfy the electroneutrali ty condition in the particles. In fact, there are barium vacancies in these particles, and thus the elec troneutrality condition using the lattice defects such as the lattice hydroxyl group and barium vacancies can be formulated as (3) Moreover when condition (3) is substituted into Eq. (2), the reaction for the formation of barium titanate can be indicated as (4) These lattice hydroxyl groups may be distributed uniformly and randomly within a particle, because the particles show no XRD peak of an ordered lattice hydroxyl group (Fig. 2) and no lattice strain (Fig.  9) .
On the basis of the above discussion, we can as sume that a particle in this study is composed of the following two parts: (1) a defective surface layer in cluding the surface-adsorbed hydroxyl group and (2) the bulk including the lattice hydroxyl group. Un der this assumption, barium vacancies also must ex ist in two parts to satisfy each electroneutrality condi tion. In this study, the amounts of OH and barium vacancies in the particles increased with decreasing particle size, as shown in Table 1 . We can explain this result using the above model that a particle can divide in two parts, because the volume fraction of the defective surface layer per unit weight increases with decreasing particle size. Quantitative discus sion of this is given in another paper. 22) The lattice hydroxyl group is also thought to have originated from the hydroxyl group of the titanium tetrahydroxide used as the titanium source. There fore it may be possible to prepare barium titanate without the lattice hydroxyl group by using starting materials without hydroxyl groups, e.g., TiO2.
4.3 Crystal structure of the particles The crystal structure of the particles was assigned as cubic and their lattice constants a-axis were about 0.402nm which is much greater than that (0.4005 nm) obtained by the extrapolation of the a-axis of the cubic phase, which is stable above Tc, to room temperature.26) This indicated that the lattice can ex pand considerably. Barium titanate is an ionic crystal with ionic bonds such as Ba-0 and Ti-0 (although there are partly covalent bonds in Ba-0 and Ti-0 bonds). Hennings and Schreinemacher observed the enlargement of the barium titanate lattice with the presence of hydroxyl group in the lattice, and con cluded that these lattice defects significantly influenced the Coulomb attractive forces which con trol ionic bonding strength.20) These lattice defects can reduce the Coulomb attractive forces between ions. As a result, the bond length can increase, and thus the lattice can expand. The expansion of the barium titanate lattice in this study can also be ex plained using the model of Hennings and Schreinemacher.
In an ideal barium titanate single crystal, the crys tal structure at around room temperature is tetragonal with tetragonality (c/a) of 1.011. However, the crystal structure of barium titanate fine particles prepared in this study was cubic with an expanded lattice, and the crystal structure and lat tice constants were almost constant in spite of the considerable difference of the particle size (from 20 to 90nm). As one cause of these results, we consider the contribution of the lattice defects as well as of the particle size. In another paper, we discuss the for mation of the cubic crystal structure of barium titanate due to the influence of the lattice defects such as the lattice hydroxyl group and the barium vacancy.27)
Conclusion
In this study, barium titanate fine particles were prepared hydrothermally using titanium tetra hydroxide gel and barium hydroxide as the starting materials. The morphology and the fine structure of the particles were found to depend greatly on the Ba/Ti atomic ratio in the starting material while they were almost independent of temperature. Thus we proposed the mechanism for the formation of bari um titanate fine particles, that nuclei of barium titanate were formed via the reaction of titanium tetrahydroxide gel with barium hydroxide dissolved in water, and then grew. Using this model we could explain the experimental results.
In these particles, there were many lattice defects in the form of hydroxyl groups and barium vacan cies, and their concentration increased with decreas ing particle size. We explained this result using the model that a particle can be divided into two parts: (1) a defective surface layer including the surface-ad sorbed hydroxyl groups and (2) the bulk including the lattice hydroxyl group.
The crystal structure of barium titanate fine parti cles prepared in this study was cubic with an expand ed lattice, and the crystal structure and lattice con stants were almost constant regardless of the parti cle size. The expansion of the lattice could be ex plained by the weakening effect of the lattice defects on the ionic bonds in Ba-0 and Ti-0 bonds.
In this study, we prepared barium titanate fine par ticles with average particle size from 20 to 90nm. These particles included lattice defects such as hydroxyl groups and barium vacancies. 
